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57 ABSTRACT

Methods for {fabricating microelectronic packages and
microelectronic packages having split gyroscope structures
are provided. In one embodiment, the microelectronic pack-
age includes a first Microelectromechanical Systems

Int. CL (MEMS) die having a first MEMS gyroscope structure
GOIC 19/5733 (2006.01) thereon. The microelectronic package further includes a
GO1P 15/18 (2006.01) second MEMS die, which has a second MEMS gyroscope
GO1P 15/08 (2006.01) structure thereon and which is positioned in a stacked
GO1P 15/14 (2006.01) relationship with the first MEMS die. The first and second
B81B 7/00 (2006.01) MEMS gyroscope structures overlap as taken along a first
B81C 3/00 (2006.01) axis orthogonal to a principal axis of the first MEMS die.
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MICROELECTRONIC PACKAGES HAVING
SPLIT GYROSCOPE STRUCTURES AND
METHODS FOR THE FABRICATION
THEREOF

TECHNICAL FIELD

[0001] Embodiments of the present invention relate gen-
erally to microelectronic packaging and, more particularly,
to microelectronic packages including gyroscope structures
split or divided between at least two Microelectromechani-
cal Systems (MEMS) die, as well as to methods for the
fabrication thereof.

BACKGROUND

[0002] Microelectronic packages are now commonly pro-
duced to include three axis MEMS gyroscopes paired with
one or more additional MEMS devices, such as three axis
MEMS accelerometers. The transducer structures for the
MEMS gyroscope and MEMS accelerometer can be formed
on a single MEMS die in, for example, a side-by-side
relationship. Alternatively, the MEMS gyroscope and
MEMS accelerometer structures can be formed on different
MEMS die, which are bonded in a stacked relationship.
Such a stacked die configuration can be advantageous in that
it enables a significant reduction in the planform dimensions
or footprint of the microelectronic package. Nonetheless, an
ongoing demand continues to exist for the provision of
microelectronic packages, which contain MEMS gyro-
scopes and possibly additional non-gyroscope MEMS sen-
sors, having ever smaller footprints. It is thus desirable to
meet this demand by providing such reduced footprint,
gyroscope-containing microelectronic packages. Further-
more, in embodiments wherein the microelectronic package
contains least one non-gyroscope MEMS sensor in addition
to a MEMS gyroscope, it is desirable if the different MEMS
devices could be enclosed in fluidly-isolated cavities con-
taining different pressures to optimize the performance of
the particular MEMS device enclosed thereby. It would also
be desirable to provide methods for fabricating microelec-
tronic packages having one or more of the foregoing char-
acteristics. Other desirable features and characteristics of the
present invention will become apparent from the subsequent
Detailed Description and the appended Claims, taken in
conjunction with the accompanying Drawings and the fore-
going Background.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] At least one example of the present invention will
hereinafter be described in conjunction with the following
figures, wherein like numerals denote like elements, and:
[0004] FIGS. 1-5 are simplified cross-sectional views of a
microelectronic package shown at various stages of comple-
tion and including a gyroscope structure split between
stacked MEMS die, as illustrated in accordance with a first
embodiment of the present invention; and

[0005] FIG. 6 is a simplified cross-sectional view of a
microelectronic package including a gyroscope structure
split between stacked MEMS die, as illustrated in accor-
dance with a first embodiment of the present invention.
[0006] For simplicity and clarity of illustration, the draw-
ing figures illustrate the general manner of construction, and
descriptions and details of well-known features and tech-
niques may be omitted to avoid unnecessarily obscuring the
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exemplary and non-limiting embodiments of the invention
described in the subsequent Detailed Description. It should
further be understood that features or elements appearing in
the accompanying figures are not necessarily drawn to scale
unless otherwise stated. For example, the dimensions of
certain elements or regions in the figures may be exagger-
ated relative to other elements or regions to improve under-
standing of embodiments of the invention.

DETAILED DESCRIPTION

[0007] The following Detailed Description is merely
exemplary in nature and is not intended to limit the invention
or the application and uses of the invention. Any implemen-
tation described herein as exemplary is not necessarily to be
construed as preferred or advantageous over other imple-
mentations. Furthermore, there is no intention to be bound
by any theory presented in the preceding Background or the
following Detailed Description.

[0008] The following describes microelectronic packages
and methods for fabricating microelectronic packages
including MEMS gyroscope structures, which are split or
divided between at least two MEMS die. In certain embodi-
ments, the sense axes of the gyroscope structures can align
to, for example, provide redundancy or enhanced perfor-
mance characteristics. It is generally preferred, however,
that the sense axes of the MEMS gyroscope structures are
mutually exclusive and complementary such that the gyro-
scope structures collectively provide the functionality of a
three axis gyroscope; e.g., one gyroscope structure can be
sensitive along the X- and Y-axes, while the other gyroscope
structure is sensitive along the Z-axis. Such a “split gyro-
scope” architecture allows the gyroscope structures to be
apportioned between stacked die in a space efficient manner
such that the planform dimensions of the microelectronic
package are significantly reduced. In many implementa-
tions, one of the gyroscope structures (e.g., a gyroscope
structure sensitive along the X- and Y-axes) may occupy a
greater planform surface area than does the other gyroscope
structure (e.g., a gyroscope structure sensitive along the
Z-axis). In this case, at least one additional non-gyroscope
MEMS sensor, such as a MEMS accelerometer, can further
be provided on the MEMS die carrying the small footprint
gyroscope structure. By stacking the MEMS die carrying the
small footprint gyroscope structure and non-gyroscope
MEMS device (which will also typically have smaller
footprint than does the large footprint gyroscope structure)
on the MEMS die carrying the large footprint gyroscope
structure, the overall planform dimensions of the resulting
package can be minimized. As a further advantage, embodi-
ments of the below-described microelectronic package
enable the MEMS gyroscope structures to be sealed in
fluidly-coupled hermetic cavities containing a chosen inter-
nal pressure to optimize gyroscope performance. Further-
more, in some embodiments, a separate hermetic cavity can
be formed enclosing any non-gyroscope MEMS sensor (e.g.,
an accelerometer) included within the package. A different
pressure can thus be sealed within the separate hermetic
cavity and tailored to optimize performance of the non-
gyroscope MEMS sensor enclosed thereby.

[0009] Embodiments of the below-described microelec-
tronic packages can be produced utilizing a high volume and
relatively low cost manufacturing process. Manufacturing
can involve processing of at least three wafers: (i) a first
MEMS wafer comprised of a first plurality of MEMS die,
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each carrying a first MEMS gyroscope structure and, per-
haps, at least one non-gyroscope MEMS sensor (e.g., an
accelerometer); (ii) a second MEMS wafer comprised of a
second plurality of MEMS die, each carrying a second
MEMS gyroscope structure; and (iii) a cap piece wafer
comprised of a number of cap pieces. The wafers are bonded
in a stacked relationship to yield a wafer stack. Within the
wafer stack, corresponding portions of the MEMS gyro-
scope structures are enclosed in different hermetic cavities,
which are fluidly coupled by a vent hole. In implementations
wherein non-gyroscope MEMS sensors (e.g., MEMS accel-
erometers) are also formed on the first MEMS wafer, each
non-gyroscope MEMS sensor can be further enclosed in a
hermetic cavity, which is fluidly isolated from the hermetic
cavities enclosing the MEMS gyroscope structures. The
hermetic cavities can thus be produced to contain different
internal pressures tailored to optimize the performance of
the particular MEMS device or structure enclosed thereby.
Additional processing can be performed after and/or prior to
singulation of the wafer stack to yield a plurality of discrete
microelectronic packages, each including (amongst other
features) a gyroscope structure split between stacked MEMS
die. An exemplary embodiment of a fabrication method
suitable for producing a number of microelectronic packages
having such a “split-gyroscope™ architecture will now be
described in conjunction with FIGS. 1-5.

[0010] FIGS. 1-5 are simplified cross-sectional views of a
microelectronic package 20, as shown at various stages of
manufacture and produced in accordance with a first exem-
plary embodiment of the present invention. As shown in
FIGS. 1-5 and further described below, package 20 is offered
by way of non-limiting example only; it is emphasized that
the below-described fabrication process can be utilized to
produce microelectronic packages having other structural
features. Furthermore, the fabrication steps described below
in conjunction with FIGS. 1-5 can be performed in alterna-
tive orders, certain steps may be omitted in alternative
embodiments, and additional steps may be performed in
alternative embodiments. Description of structures and pro-
cesses known within the microelectronic device and semi-
conductor industries may be limited or omitted entirely
without providing the well-known process details. Referring
initially to FIG. 1, microelectronic package 20 includes a
MEMS die 22 having a first principal surface or “frontside”
24 and second, opposing principal surface or “backside” 26.
At this stage of manufacture, MEMS die 22 remains in wafer
form and is integrally joined to number of other non-
illustrated MEMS die, which collectively make-up a larger
MEMS wafer. A limited portion of the MEMS wafer encom-
passing MEMS die 22 is shown in FIG. 1 and identified by
reference numeral “28.” While the following description
focuses primarily on the processing of the region of wafer 28
from which microelectronic package 20 is produced, it will
be appreciated that the below-described processing steps are
generally performed globally across MEMS wafer 28 (and
the other wafers utilized in the production of microelectronic
package 20) to fabricate a number of other microelectronic
packages in parallel with package 20.

[0011] A first MEMS gyroscope structure 30 is formed on
frontside 24 of MEMS die 22. One or more non-gyroscope
MEMS sensors, such as MEMS sensor 32, can also be
formed on frontside 24 of MEMS die 22. MEMS gyroscope
structure 30 and non-gyroscope MEMS sensor 32 are pref-
erably formed in relatively close proximity in, for example,
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a side-by-side or laterally adjacent relationship. In preferred
embodiments, non-gyroscope MEMS sensor 32 is a multi-
axis MEMS accelerometer. However, in further embodi-
ments, MEMS sensor 32 can assume other forms including,
for example, that of a magnetometer or pressure sensor. In
still further embodiments, MEMS die 22 can carry multiple
non-gyroscope MEMS sensors or, conversely, may not have
any non-gyroscope MEMS sensors formed thereon. In one
particularly useful (albeit non-limiting) implementation,
MEMS gyroscope structure 30 is a gyroscopic transducer
structure sensitive along an axis orthogonal to MEMS die 22
or parallel to the centerline of package 20 (corresponding to
the Z-axis identified by coordinate legend 36 in FIG. 1),
while non-gyroscope MEMS sensor 32 is a three axis
accelerometer having a Z-sense axis aligned to the Z-sense
axis of gyroscope structure 30. While generically illustrated
as having substantially equivalent widths in FIG. 1, it will be
appreciated that the figures are not drawn to scale and that
the relative dimensions of gyroscope structure 30 and
MEMS sensor 32 may vary amongst embodiments. Die
layout will also vary amongst embodiments; however,
MEMS gyroscope structure 30 and MEMS sensor 32 are
conveniently formed on different halves or neighboring
portions of MEMS die 22, as generally shown in FIG. 1.

[0012] In the illustrated embodiment shown in FIG. 1, a
number of Through Substrate Vias (TSVs) 34 are formed at
selection locations through MEMS die 22. TSVs 34 allow
signal communication between electrically-conductive
structures, such as circuitry and/or routing features, formed
on frontside 24 and opposing backside 26 of MEMS die 22.
Furthermore, in embodiments wherein MEMS die 22 is the
uppermost or lowermost die in the die stack (as opposed to
the intermediate die as is the case in the present example),
TSVs 34 can allow signal communication to an Input/Output
(I/0) interface later produced over backside 26 of MEMS
die 22. Although TSVs 34 are shown to be formed only
partially through the thickness of MEMS watfer 28, TSVs 34
alternatively may be formed all the way through the thick-
ness of MEMS wafer 28. In further embodiments, other
interconnect features (e.g., wire bonds or electrically-con-
ductive traces deposited onto the sidewalls of package 20)
can be utilized to provide electrical communication between
the circuitry of MEMS die 22 and any subsequently-formed
1/O interface. The formation of TSVs 34 through MEMS die
22 (and the formation of TSVs through the below-described
second MEMS die and/or cap piece) may, however, facilitate
interconnection during the wafer stacking process (also
described below) and may reduce the overall planform
dimensions of package 20 by eliminating the need for bond
pads shelves, saw-to-reveal manufacturing steps, and other
such processes and features often associated with wire
bonding. In still further embodiments, microelectronic pack-
age 20 may not be produced to include an externally-
accessible I/O interface and may instead communicate wire-
less utilizing, for example, a radio frequency (RF) antenna
structure.

[0013] Turning to FIG. 2, a cavity or recess 38 is next
formed in backside 26 of MEMS die 22. As are many of the
features described in the context of the present example,
recess 38 is not necessary in all embodiments of package 20,
but is advantageously formed in the region of die 22 that will
later help define the hermetic cavity enclosing the second,
larger MEMS gyroscope structure (e.g., MEMS gyroscope
structure 64 described below in conjunction with FIGS. 4
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and 5). In this manner, the hermetic cavity enclosing the
second cavity MEMS gyroscope structure can be enlarged,
which can be beneficial when a relatively low pressure (e.g.,
a near vacuum pressure) is sealed within the hermetic cavity,
as further described below. An orifice or vent hole 40 is also
formed through the body of die 22 to provide a channel or
conduit fluidly coupling the frontside 24 and backside 26 of
MEMS die 22. Specifically, vent hole 40 extends from recess
38 (or from backside 26 of die 22 if recess 38 is not present)
to frontside 24 of MEMS die 22 at a location adjacent
gyroscope structure 30. Vent hole 40 can be drilled, etched,
or otherwise formed in MEMS die 22 during wafer level
processing of MEMS wafer 28. Recess 38 can likewise be
etched into backside 26 of die 22 prior to or after formation
of vent hole 40. Additional vent holes and recesses are
likewise formed across MEMS wafer 28 at locations corre-
sponding to the other, non-illustrated MEMS die.

[0014] Next, as shown in FIG. 3, a cap piece 42 is bonded
to frontside 24 of MEMS die 22. Cap piece 42 cooperates or
combines with MEMS die 22 to define a first hermetically-
sealed MEMS cavity 44, which encloses non-gyroscope
MEMS sensor 32. Cap piece 42 and MEMS die 22 also
define, in substantial part, a second MEMS cavity 46 enclos-
ing MEMS gyroscope structure 30. MEMS cavity 44 is
hermetically sealed when cap piece 42 is bonded to MEMS
die 22 such that a desired internal pressure can be captured
within cavity 44 by controlling the process conditions at
which bonding is carried-out. In embodiments wherein
non-gyroscope MEMS sensor 32 is an accelerometer, the
pressure sealed within hermetic cavity 44 is preferably
between about 0.5 and about 4 atmosphere (atm) and, more
preferably, between about 0.5 and about 1.5 atm; the term
“about,” as appearing herein, denoting a disparity of less
than 10%. In further embodiments, a higher or lower pres-
sure can be sealed within hermetic cavity 44. Once again, a
number of TSVs 48 may be formed through cap piece 42 to
provide signal communication between the opposing prin-
cipal surfaces thereof.

[0015] At the juncture of manufacture shown in FIG. 3,
cap piece 42 is preferably in wafer form and remains an
integral part of a larger cap piece wafer 50 (partially shown).
Thus, during production of package 20 and the other pack-
ages produced in parallel therewith, cap piece wafer 50 is
positioned over and bonded to MEMS wafer 28 containing
MEMS die 22. Cap piece wafer 50 further includes a number
of other non-illustrated cap pieces, which are positioned
over the other non-illustrated MEMS die included within
MEMS wafer 28 when wafers 28 and 50 are properly
aligned. Prior to bonding to MEMS wafer 28, cap piece
wafer 50 may undergo wafer level processing to produce any
desired features thereon. For example, as indicated above,
cap piece wafer 50 can be processed to produce a number of
TSVs 48 therethrough. Additionally, in embodiments
wherein cap piece 42 and the other cap pieces making-up
wafer 50 are smart (that is, carry circuitry or active devices),
a number of Application Specific Integrated Circuits
(ASICs) 60 can be formed at selected locations across the
active principal surface or frontside of cap piece wafer 50.
As generically illustrated in FIG. 3, one such ASIC 60 can
be formed on inner surface 61 of cap piece 42 bonded to
MEMS die 22. ASIC 60 may thus face MEMS die 22 and,
perhaps, be exposed to the pressures contained within either
or both of hermetic cavities 44 and 46. By eliminating the
need for a separate ASIC die through the usage of such a
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“smart cap,” further reductions in size and cost of micro-
electronic package 20 can be realized. When bonded in the
above-described manner, MEMS wafer 28 and cap piece
wafer 50 combine to yield a two wafer stack 28, 50.

[0016] Bonding material may be utilized to bond cap piece
wafer 50 to MEMS wafer 28 and, more specifically, to bond
cap piece 42 to MEMS die 22. The bonding material can be
deposited as rings (referred to herein as “seal rings”) cir-
cumscribing or extending around the MEMS structures
formed on MEMS wafer 28. With respect to partially-
completed package 20, specifically, bonding material is
deposited around the perimeters of cavities 44 and 46 to
form two seal rings: (i) a first seal ring 52, which extends
around MEMS cavity 44 and MEMS gyroscope structure
30, as taken along an axis orthogonal to frontside 24 of
MEMS die 22 (the Z-axis identified by coordinate legend
36), and (ii) a second seal ring 54, which extends around
MEMS cavity 46 and non-gyroscope MEMS sensor 32, as
taken along the Z-axis. While shown in cross-section in FI1G.
3, it will be appreciated that seal rings 52 and 54 each form
a continuous 360° seal and may have a generally rectangu-
lar, square, circular, or other planform geometry. Seal rings
52 and 54 may (but need not always) include a shared
portion 56, which serves as an intermediate wall partitioning
neighboring hermetic cavities 44 and 46. Additional seal
rings may likewise be deposited around the various other
MEMS transducer structures formed on the non-illustrated
portions of MEMS wafer 28 and included within the micro-
electronic packages produced in parallel with package 20.

[0017] Any material suitable for creating a hermetic or
gas-tight seal can be utilized to form seal rings 52 and 54 and
the other non-illustrated seal rings deposited between
MEMS wafer 28 and cap piece wafer 50. A non-exhaustive
list of suitable bonding materials includes aluminum-ger-
manium alloys, copper, and copper alloys, which can be
plated onto or otherwise deposited over selected regions of
wafer 28 and/or wafer 50 prior to bonding. After deposition
of seal rings 52 and 54 at the desired locations, a bonding
process may be performed during which wafers 28 and 50
(and, more specifically, MEMS die 22 and cap piece 42) are
subject to convergent pressures and elevated temperatures
sufficient to form the desired seals. The bonding process is
preferably carried-out at a controlled pressure to impart
fully-enclosed MEMS cavity 44 and the other non-illus-
trated, fully-enclosed cavities with a desired internal pres-
sure. The pressure at which the bonding process is carried-
out may be greater the desired pressure within cavity 44 if
the bonding process is performed under elevated tempera-
ture conditions. To provide a non-limiting example, if it is
desired for the pressure within MEMS cavity 44 to be
approximately 1 atm (as may be the case when non-gyro-
scope MEMS sensor 32 is an accelerometer), the bonding
process may be carried-out at a pressure of about 2-4 atm
and at an elevated temperature such that the desired pressure
is achieved within cavity 44 upon cooling of microelectronic
package 20. Air, nitrogen, or another inert gas can be sealed
within cavity 44 during the bonding process. In contrast,
MEMS cavity 46 is vented to the surrounding pressure
during the bonding process by vent hole 40.

[0018] Electrically-conductive bodies may further be
deposited at selected locations between cap piece wafer 50
and MEMS wafer 28 to provide electrical interconnections
between MEMS die their corresponding cap pieces. Two
such electrically-conducive bodies 58 are shown in FIG. 3.
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Electrically-conducive bodies 58 can interconnect one or
more electrically-conductive routing features exposed on
frontside 24 of MEMS die 22 (e.g., a first TSV or intercon-
nect line) with one or more electrically-conductive routing
features provided on the inner surface of cap piece 42 (e.g.,
a second, aligning TSV or interconnect line). In embodi-
ments wherein the bonding material utilized to join MEMS
wafer 28 and cap piece wafer 50 (and, therefore, MEMS die
22 and cap piece 42) is electrically conductive, electrically-
conductive bodies 58 can be formed in conjunction with seal
rings 52 and 54 by plating or otherwise depositing discrete
columns, globs, or lines of the electrically-conducive bond-
ing material on selected areas of wafers 28 and 50 prior to
wafer bonding. Electrical interconnection can also be pro-
vided through seal rings 52 and 54, if desired.

[0019] Advancing to FIG. 4, a second MEMS die 62 is
next bonded to backside 26 of MEMS die 22 opposite cap
piece 42. A second MEMS gyroscope structure 64 is formed
on frontside 66 of die 62, which is bonded to and thus faces
backside 26 of MEMS die 22. MEMS die 62 is included
within a larger MEMS wafer 68. While only a limited
portion of MEMS wafer 68 is shown in FIG. 4, it will be
appreciated that MEMS wafer 68 includes additional non-
singulated MEMS die utilized in the production of the other
non-illustrated packages manufactured in parallel with pack-
age 20. Thus, from a wafer level perspective, MEMS wafer
68 is bonded to MEMS wafer 28 to yield a three wafer stack
28, 50, 68 comprised of MEMS wafer 28, cap piece wafer
50, and MEMS wafer 68. Prior to bonding to MEMS wafer
28, MEMS wafer 68 is processed to produce MEMS gyro-
scope structure 64 and the additional non-illustrated MEMS
gyroscope structures thereon. Various other routing features,
circuitry, and/or devices can also be produced on MEMS
wafer 68 including, for example, TSVs 70.

[0020] An additional hermetic MEMS cavity 72 is formed
when MEMS die 62 is bonded to MEMS die 22 and, more
generally, when MEMS wafer 68 is bonded to MEMS wafer
28. In particular, as shown in FIG. 4, backside 26 of MEMS
die 22, frontside 66 of MEMS die 62, and recess 38 (when
present) cooperate to define hermetically-sealed cavity 72,
which sealingly encloses MEMS gyroscope structure 64.
Once again, a seal ring 74 can be plated or otherwise
deposited onto MEMS die 22 or MEMS die 62 prior to
wafer-to-wafer bonding, along with one or more electri-
cally-conductive interconnect features 76. Seal ring 74 cir-
cumscribes or surrounds hermetic cavity 72 and MEMS
gyroscope structure 64, as taken along an axis orthogonal to
die 62 (corresponding to the Z-axis in FIG. 4). Seal ring 74
can be produced in essentially the same manner and from the
same type of materials are as seal rings 52 and 54 described
above in conjunction with FIG. 3. It may be beneficial,
however, to produce seal ring 74 from a bonding material
having a lower bonding temperature than does the bonding
material from which seal rings 52 and 54 are produced. In
this way, processing conditions can be controlled to reduce
the likelihood of undesirable reflow of seal rings 52 and 54
during bonding of MEMS wafers 28 and 68. Additional seal
rings and interconnect features are also likewise formed
across MEMS wafer 28 and/or MEMS watfer 68 prior to
wafer bonding and the production of three wafer stack 28,
50, 68.

[0021] In addition to enclosing MEMS gyroscope struc-

ture 64 within hermetically-sealed cavity 72, bonding of
MEMS die 22 and 62 (and, more generally, bonding of
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MEMS wafers 28 and 68) results in sealing of MEMS cavity
46. In particular, when bonded to MEMS die 28, MEMS die
62 covers vent hole 40 (as viewed from the exterior of wafer
stack 28, 50, 68) and thereby seals MEMS cavity 46 from
the ambient environment. MEMS cavity 46 remains fluidly
coupled to MEMS cavity 72, however, by vent hole 40. By
controlling the process conditions under which MEMS die
22 and 62 (and, more generally, MEMS wafers 28 and 68)
are bonded, a common known pressure can be trapped
within MEMS cavities 46 and 72. It is thus possible to select
the known pressure to optimize performance of MEMS
gyroscope structures 30 and 64. In many cases, the known
pressure contained within MEMS cavities 46 and 72 will be
relatively low and less than the known pressure contained
within MEMS cavity 44 (when present). In one embodi-
ment, cavities 46 and 72 can be sealed to contain a pressure
near vacuum, such as a pressure less than about 1 torr and,
more preferably, less than about 0.5 torr. In other embodi-
ments, a greater pressure can be captured within MEMS
cavities 44 and 68. As indicated above, air, nitrogen, or
another inert gas may be sealed within hermetic cavities 44
and 72 at the desired pressure. Once again, bonding of
MEMS wafers 28 and 68 can be carried-out at elevated
pressures and temperatures such that the desired pressure is
achieved within MEMS cavities 44 and 72 post-bonding,
after cooling of package 20 and the other packages produced
in parallel therewith.

[0022] In preferred embodiments, MEMS gyroscope
structure 30 and MEMS gyroscope structure 64 have dif-
ferent, but complementary sense axes such that structures 30
and 64 collectively function as a three axis gyroscope. In this
case, MEMS gyroscope structure 30 can be sensitive along
a first sense axis orthogonal to MEMS die 22 and 62 (e.g.,
the Z-axis identified in FIG. 4), while MEMS gyroscope
structure 64 is sensitive along second and third sense axes
orthogonal to the first sense axis (e.g., the X- and Y-axes).
In such embodiments, and as generally indicated in FIG. 4,
MEMS gyroscope structure 64 may occupy a planform
surface area or footprint that is considerably larger (e.g.,
approximately twice the size) than the footprint of MEMS
gyroscope structure 30. Similarly, the planform dimensions
of gyroscope structure 64 (e.g., the width and length of
structure 64, as taken along the X- and Y-axes, respectively)
can exceed the planform dimensions of gyroscope structure
30. Thus, by forming gyroscope structures 30 and 64 on
different stacked die such that structures 30 and 64 overlap
axially (that is, overlap as taken along the Z-axis), the
planform dimensions of microelectronic package 20 can be
minimized. Furthermore, non-gyroscope MEMS sensor 32
can also occupy a planform surface area less than that
occupied by larger gyroscope structure 64. Thus, when
produced to include non-gyroscope MEMS sensor 32 (or
another small footprint, non-gyroscope MEMS sensor),
additional reduction in the planform dimensions of package
20 can be achieved by positioning the MEMS sensor 32
adjacent small footprint gyroscope structure 30 at a position
axially overlapping with gyroscope structure 64.

[0023] While microelectronic package 20 remains incom-
plete at the stage of manufacture shown in FIG. 4, it will be
appreciated that significant reduction in the planform dimen-
sions of package 20 have already been achieved by virtue of
the above-described split gyroscope package architecture. In
embodiments wherein stacked die 22 and 62 cooperate to
provide the functionality of a three axis gyroscope, the split
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gyroscope design of microelectronic package 20 should be
contrasted with conventional packages having stacked die
architectures. In such conventional stacked die packages, a
three axis gyroscope and a three axis accelerometer are
commonly formed on different MEMS dies. By inherent
design, the accelerometer typically has a footprint consid-
erably smaller than the footprint of the gyroscope. As the
planform dimensions of the stacked die are typically equiva-
lent or near equivalent, a significant area of the die carrying
the accelerometer often remains unused or unexploited. By
comparison, in the case of exemplary microelectronic pack-
age 20 shown in FIG. 4, unexploited die area is greatly
reduced by positioning the small footprint gyroscope struc-
ture 30 (e.g., a Z-axis gyroscope transducer) adjacent the
small footprint non-gyroscope MEMS sensor 32 (e.g., a
three axis accelerometer) such that both structure 30 and
sensor 32 are positioned over or axially overlapping with the
large footprint gyroscope structure 64 (e.g., an X-/Y-axis
gyroscope transducer). As a result, the overall planform
dimensions of package 20 are reduced, throughput can be
increased, and manufacturing costs can be lowered. The
instant example notwithstanding, the sense axes of gyro-
scope structures 30 and 64 may align in further embodi-
ments. For example, in certain embodiments, gyroscopic
structures 30 and 64 can be produced as three axis MEMS
gyroscopes having aligning X-, Y-, and Z-sense axes. Such
an embodiment may be especially useful when MEMS
gyroscope structures 30 and 64 are produced to have dif-
ferent sensitivities such that the gyroscope structures are
capable of measuring movement over a wide range of
rotational rates.

[0024] Conventional processing steps may now be per-
formed to complete fabrication of microelectronic package
20 and the other packages produced from wafer stack 28, 50,
68. Amongst other processes, wafer stack 28, 50, 68 is
singulated (indicated in FIG. 4 by dashed lines 78) to yield
a plurality of microelectronic packages including package
20. The resultant structure is shown in FIG. 5. Prior to or
after singulation of wafer stack 28, 50, 68 various different
features or structures, including Redistribution Layers
(RDLs) and one or more contact arrays (e.g., a Ball Grid
Array or “BGA”), can be produced over the externally-
exposed surfaces of package 20. The particular processing
steps will vary depending whether a Fan-In Wafer Level
Packaging (FI-WLP) approach, a Fan-Out Wafer Level
Packaging (FO-WLP) approach, or another packaging
approach is employed. In embodiments wherein an FO-
WLP approach is employed, package 20 (FIG. 5) and a
number of packages can be embedded within a molded
panel, which undergoes further processing to produce a
number of fan-out wafer level packages. Additional micro-
electronic devices (e.g., circuit-carrying die) and/or addi-
tional MEMS sensors (e.g., a three axis magnetometer) can
be integrated into microelectronic package 20, as desired.
Such features and processing steps are conventionally
known and will vary amongst embodiments depending upon
the particular design and functionality of package 20.

[0025] The foregoing has thus provided an exemplary
embodiment of a fabrication method suitable for producing
microelectronic packages containing MEMS gyroscope
structures, which are split or divided between first and
second stacked MEMS die. The MEMS gyroscope struc-
tures are advantageously enclosed in hermetic cavities,
which contain a predetermined pressure tailored to optimize
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performance of the gyroscope structures. As described
above, the hermetic cavities can be fluidly coupled by a vent
hole utilized to vent the hermetic cavity enclosing the first
MEMS gyroscope structure during bonding of the first
MEMS die to a cap piece and, perhaps, while a predeter-
mined pressure is captured within an additional hermetic
cavity enclosing a non-gyroscope MEMS sensor (e.g., an
accelerometer) also carried by the first MEMS die. In the
above-described exemplary embodiment, the hermetic cav-
ity enclosing the first MEMS gyroscope structure is axially
bound by or formed between the cap piece and the first
MEMS die, while the hermetic cavity enclosing the second
MEMS gyroscope structure is axially bound by or formed
between the first and second MEMS die. However, this need
not be the case in all embodiments. Furthermore, while
formed through the first MEMS die in the above-described
example, the vent hole can be formed through other struc-
tures, such as the cap piece, in further embodiments. To
further emphasize this point, an additional exemplary
embodiment of a split gyroscope microelectronic package
will now be described in conjunction with FIG. 6.

[0026] FIG. 6 is a simplified cross-sectional view of a split
gyroscope microelectronic package 90, as illustrated in
accordance with a further exemplary embodiment of the
present invention. As will readily be appreciated by one of
skill in the relevant field, microelectronic package 90 is
shown in a partially-completed state in FIG. 6 and will
include various additional, non-illustrated features when
completed; e.g., contact arrays, redistribution layers, heat
sinks, electromagnetic or RF interference shields, RF
antenna structures, and/or the like can be formed over one or
both of opposing principal surfaces 86 and 88 of microelec-
tronic package 90. Such features are, however, convention-
ally known and are consequently not shown in FIG. 6 to
avoid unnecessarily obscuring the various inventive features
of microelectronic package 90, as described below. More
generally, embodiments of microelectronic packages 90 may
include only two or more MEMS gyroscope structures
formed on different die, which are bonded, directly or
indirectly, in a stacked relationship. In further embodiments,
microelectronic package 90 can include various additional
sensors (e.g., any combination of accelerometers, magne-
tometers, pressure sensors, temperature sensors, altitude
sensors, and so on) to impart the package with additional
degrees of freedom.

[0027] In many respects, microelectronic package 90 is
similar to package 20 described above in conjunction with
FIGS. 1-5. For example, package 90 includes a MEMS die
92 having a first MEMS gyroscope structure 94 (e.g., a
Z-axis gyroscope transducer) and a non-gyroscope MEMS
sensor 96 (e.g., an accelerometer) formed therecon. A cap
piece 98 is bonded to the frontside of die 92 on which
MEMS transducer structures 94 and 96 are located, and a
second MEMS die 100 is bonded to cap piece 98 opposite
MEMS die 92. A second MEMS gyroscope structure 99
(e.g., an X-/Y-axis gyroscope transducer) is formed on the
frontside of MEMS die 100, which is bonded to cap piece
98. A first hermetic cavity 102 sealingly encloses non-
gyroscope MEMS sensor 96 and is defined or bound by die
92, a seal ring 104, and intervening cap piece 98. Similarly,
a second hermetic cavity 106 sealingly encloses MEMS
gyroscope structure 94 and is defined or bound by die 92, a
seal ring 108, and cap piece 98. Finally, a third hermetic
cavity 110 sealingly encloses MEMS gyroscope structure 99
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and is defined or bound by MEMS die 100, a seal ring 112,
and cap piece 98. A vent hole 116 is formed through cap
piece 98 to fluidly couple MEMS cavities 106 and 110. If
desired, a recess 118 can be produced in the surface of cap
piece 98 bonded to MEMS die 100 to enlarge the volume of
MEMS cavity 110 and, therefore, the collective volume of
fluidly-coupled cavities 106 and 110. Furthermore, an ASIC
120 can be formed on intervening cap piece 98, if desired;
and TSVs 114 can optionally be formed through MEMS die
92, cap piece 98, and/or MEMS die 100, as appropriate, to
complete the desired wiring structure of package 90.

[0028] Microelectronic package 90 can be produced in a
manner similar to that described above in conjunction with
package 20 (FIGS. 1-5). During fabrication of package 90,
cap piece 98 (as included in a larger cap piece wafer) can
first be bonded to MEMS die 92 (as included in a larger
MEMS watfer) to seal a first desired pressure within cavity
102, while cavity 106 remains vented to the surrounding
atmosphere or ambient environment. MEMS die 100 (as
included in a larger MEMS wafer) may then be bonded over
cap piece 98 to seal vent hole 116 and thereby seal a second
desired pressure within fluidly coupled MEMS cavities 106
and 110. The pressures sealed within hermetic cavities 102,
106, and 110 may thus be selected to best suit the particular
MEMS transducer structures enclosed thereby. The wafer
stack can then be singulated and additional processing
performed, prior to and/or after wafer stack singulation, to
complete fabrication of package 90. As shown in FIG. 6, the
resulting package 90 includes a MEMS gyroscope structure
94, which has a smaller footprint than does MEMS gyro-
scope structure 99 and which axially overlaps with gyro-
scope structure 99, as taken along an axis orthogonal to die
92 and die 100 (corresponding to the Z-axis in FIG. 6).
Additionally, inverted MEMS die 92 also carries a non-
gyroscope MEMS sensor 96, which is disposed laterally
adjacent MEMS gyroscope structure 94. MEMS sensor 96
also has a smaller footprint than does MEMS gyroscope
structure 99, and likewise axially overlaps with gyroscope
structure 99. The planform dimensions of MEMS-contain-
ing package 90 are thus favorably reduced by virtue of this
unique split gyroscope architecture.

[0029] There have thus been provided multiple exemplary
embodiments of a microelectronic package including
MEMS gyroscope structures, which are split or divided
between at least two MEMS die. In certain embodiments,
the MEMS gyroscope structures combined to effectively
yield a three axis gyroscope, which has been divided into
two structures: (i) a first MEMS gyroscope structure, which
provides sensing along at least one axis (e.g., the X- and
Y-axes), and (ii)) a second MEMS gyroscope structure,
which provides a sense axis orthogonal to the axis or axes of
the first MEMS gyroscope structure (e.g., the Z-axis). As
described above, such an approach allows the surface area of
the gyroscope to be apportioned between stacked die in
more efficient manner to reduce the planform dimensions of
the microelectronic package. This may be particularly
advantageous when, for example, the microelectronic pack-
age further includes at least one additional non-gyroscope
MEMS sensor, such as a MEMS accelerometer. Embodi-
ments of the above-described microelectronic package can
further include fluidly-coupled hermetic cavities, which
enclose the MEMS gyroscope structures and which can
contain a known pressure selected to optimize gyroscope
performance. At the same time, any non-gyroscope MEMS
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sensor included within the microelectronic package (e.g., an
accelerometer) can be sealed within a separate hermetic
cavity containing a different pressure tailored to optimized
performance of the non-gyroscope MEMS sensor. As a
further advantage, embodiments of the above-described
microelectronic package can be produced utilizing a high
volume, low cost manufacturing process performed, at least
in large part, on a wafer level.

[0030] In one embodiment, the above-described micro-
electronic package includes a first MEMS die having a first
MEMS gyroscope structure thereon. The microelectronic
package further includes second MEMS die, which has a
second MEMS gyroscope structure thereon and which is
positioned in a stacked relationship with the first MEMS die.
The first and second MEMS gyroscope structures overlap as
taken along a first axis orthogonal to a principal surface of
the first MEMS die. In another embodiment, the microelec-
tronic package includes a first MEMS die having a first
MEMS gyroscope structure and a MEMS accelerometer
formed thereon. A second MEMS die having a second
MEMS gyroscope structure thereon is positioned in a
stacked relationship with the first MEMS die. A first her-
metic cavity encloses the first MEMS gyroscope structure
and contains a first predetermined pressure. Similarly, a
second hermetic cavity encloses the second MEMS gyro-
scope structure, is fluidly coupled to the first hermetic cavity,
and also contains the first predetermined pressure. Finally, a
third hermetic cavity encloses the MEMS accelerometer and
contains a second predetermined pressure greater than the
first predetermined pressure.

[0031] Embodiments of a method for fabrication micro-
electronic packages having split gyroscope structures have
also been provided. In one embodiment, the method includes
the step or process of obtaining, whether by independent
fabrication or purchase from a supplier, a first MEMS wafer
comprised of a first plurality of MEMS die, each having a
first MEMS gyroscope structure thereon. The first MEMS
wafer is positioned over a second MEMS wafer comprised
of a second plurality of MEMS die, each having a second
MEMS gyroscope structure thereon. The first and second
MEMS wafers are bonded to produce a multi-wafer stack.
The multi-wafer stack is then singulated to produce a
plurality of microelectronic packages each including first
and second MEMS gyroscope structures carried by first and
second MEMS die, respectively. In certain embodiments,
the first MEMS wafer is positioned over and bonded to the
second MEMS wafer such that, for each of the plurality of
microelectronic packages produced by singulation of the
multi-wafer stack, the first and second MEMS gyroscope
structures overlap as taken along an axis orthogonal to
principal surfaces of the first and second MEMS die. In other
embodiments, the step or process of bonding may entail
bonding the first MEMS watfer, the second MEMS wafer,
and a cap piece wafer in a stacked relationship to produce
the multi-wafer stack. In this case, each microelectronic
package produced by singulation of the multi-wafer stack
may further include a cap piece bonded to the first MEMS
die. The first MEMs wafer, the second MEMS wafer, and the
cap piece wafer are further advantageously bonded such that
the first and second MEMS gyroscope structures are
enclosed by first and second hermetic cavities, respectively.
[0032] While at least one exemplary embodiment has been
presented in the foregoing Detailed Description, it should be
appreciated that a vast number of variations exist. It should
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also be appreciated that the exemplary embodiment or
exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing Detailed
Description will provide those skilled in the art with a
convenient road map for implementing an exemplary
embodiment of the invention. It should be understood that
various changes may be made in the function and arrange-
ment of elements described in an exemplary embodiment
without departing from the scope of the invention as set-
forth in the appended claims.

[0033] As appearing herein, the term “microelectronic
component” is utilized in a broad sense to refer to an
electronic device, element, or structure produced on a rela-
tively small scale and amenable to packaging in the below-
described manner. Microelectronic components include, but
are not limited to, integrated circuits formed on semicon-
ductor die, MEMS devices, passive electronic components
(e.g., a discrete resistor, capacitor, inductor, or diode), opti-
cal devices, and other small scale electronic devices capable
of providing processing, memory, sensing, radio frequency,
optical, and actuator functionalities, to list but a few
examples. The term “wafer” is utilized to encompass bulk
semiconductor (e.g., silicon) wafers, layered structures (e.g.,
silicon-on-insulator substrates), and other structures over
which number of semiconductor devices, MEMS devices, or
the like can be produced utilizing global or wafer-level
processing techniques. The term “die” is utilized in refer-
ence to a singulated piece of a wafer on which one or more
integrated circuits, MEMS devices, and/or another micro-
electronic component has been fabricated via wafer-level
processing of the wafer. Finally, as still further appearing
herein, the phrase “produced on,” the phrase “fabrication
on,” and the like encompass the terms “over” and “in” such
that a device “fabricated on” a semiconductor wafer may be
produced over a principal surface thereof, in the body of the
wafer, or a combination thereof.

What is claimed is:

1. A microelectronic package, comprising:

a first Microelectromechanical Systems (MEMS) die hav-

ing a first MEMS gyroscope structure thereon; and

a second MEMS die having a second MEMS gyroscope

structure thereon and positioned in a stacked relation-
ship with the first MEMS die, the first and second
MEMS gyroscope structures overlapping as taken
along a first axis orthogonal to a principal surface of the
first MEMS die.

2. The microelectronic package of claim 1 wherein the
first and second MEMS gyroscope structures are sensitive
along mutually exclusive, orthogonal axes such that the first
and second MEMS gyroscope structures collectively pro-
vide the functionality of a three axis gyroscope.

3. The microelectronic package of claim 2 wherein the
first MEMS gyroscope structure is sensitive along a first
sense axis substantially orthogonal to the first MEMS die,
and wherein the second gyroscope structure is sensitive
along second and third axes orthogonal to the first axis.

4. The microelectronic package of claim 1 further com-
prising a non-gyroscope MEMS sensor formed on the first
MEMS die proximate the first MEMS gyroscope structure.

5. The microelectronic package of claim 4 wherein the
non-gyroscope MEMS sensor comprises an accelerometer
located laterally adjacent the first MEMS gyroscope struc-
ture.
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6. The microelectronic package of claim 4 wherein the
planform surface area of the second MEMS gyroscope
structure is greater than the planform surface area of the first
MEMS gyroscope structure and greater than the planform
surface area of the non-gyroscope MEMS sensor.

7. The microelectronic package of claim 1 wherein the
first and second MEMS gyroscope structures are sensitive
along at least one common sense axis, and wherein the first
MEMS gyroscope structure has sensitivity greater than the
sensitivity of the second MEMS gyroscope structure.

8. The microelectronic package of claim 1 further com-
prising:

a first hermetic cavity enclosing the first MEMS gyro-

scope structure; and

a second hermetic cavity enclosing the second MEMS
gyroscope structure and fluidly coupled to the first
hermetic cavity.

9. The microelectronic package of claim 8 wherein the
first and second hermetic cavities contain a first pressure,
and wherein the microelectronic package further comprises:

a non-gyroscope MEMS sensor formed on the first
MEMS die proximate the first MEMS gyroscope struc-
ture; and

a third hermetic cavity enclosing the non-gyroscope
MEMS sensor and containing a second pressure greater
than the first pressure.

10. The microelectronic package of claim 8 further com-

prising:

a vent hole fluidly coupling the first and second hermetic
cavities and formed through the first MEMS die; and

a cap piece sealingly bonded to the first MEMS die
opposite the second MEMS die.

11. The microelectronic package of claim 8 further com-

prising:

a cap piece sealingly bonded between the first and second
MEMS die; and

a vent hole fluidly coupling the first and second hermetic
cavities and formed through the cap piece.

12. The microelectronic package of claim 1 further com-
prising a cap piece sealingly bonded to the first MEMS die,
the cap piece positioned in a stacked relationship with the
first and second MEMS die such that: (i) the cap piece is
disposed between the first and second MEMS die, or (ii) the
first MEMS die is disposed between the cap piece and the
second MEMS die.

13. The microelectronic package of claim 12 wherein the
first MEMS die, the second MEMS die, and the cap piece
comprise singulated pieces of a first MEMS wafer, a second
MEMS wafer, and a cap piece wafer, respectively.

14. A microelectronic package, comprising:

a first Microelectromechanical Systems (MEMS) die hav-
ing a first MEMS gyroscope structure and a MEMS
accelerometer formed thereon;

a second MEMS die having a second MEMS gyroscope
structure thereon and positioned in a stacked relation-
ship with the first MEMS die;

a first hermetic cavity enclosing the first MEMS gyro-
scope structure and containing a first pressure;

a second hermetic cavity enclosing the second MEMS
gyroscope structure, fluidly coupled to the first her-
metic cavity, and containing the first pressure; and

a third hermetic cavity enclosing the MEMS accelerom-
eter and containing a second pressure greater than the
first pressure.
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15. The microelectronic package of claim 14 wherein the
microelectronic package has a centerline, wherein the first
MEMS gyroscope structure is sensitive along a first axis
parallel to the centerline, wherein the second MEMS gyro-
scope structure sensitive along second and third axes
orthogonal to the first axis, and wherein the accelerometer is
sensitive along the first, second, and third axes.

16. The microelectronic package of claim 14 further
comprising:

a cap piece sealingly bonded to the first MEMS die; and

a vent hole fluidly coupling the first and second hermetic

cavities and formed through one of the cap piece and
the first MEMS die.

17. A method for fabricating a microelectronic package,
comprising:

obtaining a first Microelectromechanical Systems

(MEMS) water comprised of a first plurality of MEMS
die, each having a first MEMS gyroscope structure
thereon;

positioning the first MEMS wafer over a second MEMS

wafer comprised of a second plurality of MEMS die,
each having a second MEMS gyroscope structure
thereon;

bonding the first and second MEMS wafers to produce a

multi-wafer stack; and
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singulating the multi-wafer stack to produce a plurality of
microelectronic packages each including first and sec-
ond MEMS gyroscope structures carried by first and
second MEMS die, respectively.

18. The method of claim 17 wherein the first MEMS
wafer is positioned over and bonded to the second MEMS
wafer such that, for each of the plurality of microelectronic
packages produced by singulation of the multi-wafer stack,
the first and second MEMS gyroscope structures overlap as
taken along axis orthogonal to principal surfaces of the first
and second MEMS die.

19. The method of claim 17 wherein bonding comprises
bonding the first MEMS watfer, the second MEMS wafer,
and a cap piece wafer in a stacked relationship to produce
the multi-wafer stack; and wherein each microelectronic
package produced by singulation of the multi-wafer stack
further includes a cap piece bonded to the first MEMS die.

20. The method of claim 19 wherein the first MEMS
wafer, the second MEMS wafer, and the cap piece wafer are
bonded such that the first and second MEMS gyroscope
structures are enclosed by first and second hermetic cavities,
respectively.



